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Abstract 
This paper provides an example of community scale renewable energy application named solar water pumping 
system (SWPS) with case study in a rural and karst area of Banyumeneng Village, Gunung Kidul, D.I. Yogyakarta, 
Indonesia. The main problem of community scale of renewable energy in rural area is sustainability. It has successed 
to be maintained with the integration concept of communities that has corresponded each other by its role. The 
sustainability indicator was  reached by evaluation using some proven methodologies so that the system had given 
benefit to the local people for at least 6 years. 
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1. Introduction 
Hamlet of Banyumeneng in Giriharjo Village, District of Panggang, is a karst region with severely 
limited access to water supply in Gunung Kidul Regency – Yogyakarta, Indonesia. People always face 
problem of water scarcity in the whole year, particularly during dry season. Its topography dominated by 
karst structure which is cannot reserve water. The local people are settled in a certain location 
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approximately of 1.6 km in distance from the water source. The local community have to struggle to 
obtain water by walking about 3.2 km/day, or spending at least IDR 150,000.00/month to buy while their 
income is just around IDR 400,000.00/month in average. 
The existing households had been electrified by state-owned electricity company (PLN) but there is no 
power grid of electricity nearby the water source. Before this project began, diesel pump had been 
installed close to the water source in order to meet the requirement of water supply for hamlet of 
Banyumeneng I, Banyumeneng II and Banyumeneng III. However, due to the operation and maintenance 
cost rising, more than 50 households in Banyumeneng I had been abandoned with no feasible access to 
clean water for many years. 
One of the big problems of renewable energy in community scale application is sustainability of the 
system. As a sample of solar water pumping system’s sustainability problem occurred in Giricahyo 
Village, Purwosari District, Gunung Kidul Regency. The system was built in 2007 initiated by Ministry 
of Public Services with capacity of 12 KWp to provide 50 m3 water a day for the residents. Unfortunately, 
the SWPS designed with solar power tracker and non-energy storage, and only operated properly until 
2010 and has not worked yet until this paper is written. . A study was conducted in 2014 to evaluate 
technical problems of the SWPS and obtained that the efficiency of photovoltaics component of the 
SWPS had decreased, the submersible pumps was damaged because of corrosion of the mechanical 
components, the system controller was also damaged, and only the wiring system still can be reused [1]. 
These damaged systems would encounter worse condition if not treated immediately. 
 
A studied by Bhattacharyya [2] on the relationship between energy access programs and sustainable 
development suggests that the existing practices of providing energy access are generally unsustainable 
from a number of perspectives. Therefore, it is important to evaluate and accurately assess the impact and 
sustainability of such projects after the initial project activity is completed, to learn from the results and 
improve the quality of future decisions and projects. The objectives of this paper are to evaluate recent 
condition of the SWPS, to explain the development of upgrading system (will be explained in the 
following section of the paper), and to give a new integrated communities concept to keep the SWPS and 
other similar community-scale renewable energy applications sustainable.  
 
2. Overview of the Communities Involved 
The communities that take part in the sustainability of renewable energy application case study will be 
explained first in this section as an overview.  
x Kamase (Komunitas Mahasiswa Sentra Energi- student community of energy center), is an 
independent student organization that was established in 2000 in the Department of Physics 
Engineering, Universitas Gadjah Mada, in concern to the study of energy research and policy as well 
as renewable energy application particularly for rural area communites.  
x Enerbi (Energi Bersih Indonesia – Indonesian Clean Energy Foundation) is an organization which 
takes role as energy service, research, and consultant with remarkable experience on energy 
conservation and renewable energy application. Enerbi has a mission to be a bridge and make close 
relationship between professionals as well as academic institutions and societies. 
x OPAKg is a local community which was established to manage SWPS in Banyumeneng. This 
organization was initiated in 2009 by Kamase and other student-run community service organizations 
of Universitas Gadjah Mada. 
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3. Methodology 
Sustainability is one of the important aspects considered in the development of renewable energy 
application, before and after the construction of the system. This research is conducted to record scientific 
documentations from what we had developed, maintained, and upgraded at least for six years to indicate 
whether the SWPS reach the sustainability indicators or not. The monitoring programs that have been 
done can be categorized as methodological design to answer the objectives of this paper. The 
methodology is divided into two types of procedure as stated by Escalanta [3] and will be explained as 
follows. 
3.1. Qualitative and socio-critical approach  
This qualitative and socio-critical approach here doesn’t only imply as an effort of understanding, 
intepretation and dialogue, but also as the acquisition of sense of what the others mean by their words, 
their silences, their actions, as well as their immobility. This approach also implies the possibility of 
creating generalizations, which allow the researcher to understand the common aspect to many people and 
groups in the process of production and appropriation of the social and cultural reality in which they are 
developing their existence [3]. 
3.2. Tools for data collection and analysis 
In this case study of Banyumeneng SWPS, various techniques used for data collection are summarized 
in Table 1. 
Table 1. Methodological tools for data collection 
Methodological tools Purposes Implementation 
Field survey of the 
system 
Get to know the recent condition of 
existing SWPS and feasibility study 
of the upgrading system 
Measure the efficiency and performance of the existing system 
(PV, controller, wiring, pump, and piping). Create overall detailed 
engineering design (DED) of the upgrading system. 
Multi-stakeholders 
participation 
Increase sense of belonging of the 
system 
Local community empowerment, ask permission and support to 
certain stakeholders, workshop, and management training for local 
community. 
Interviews Investigate perceptions and 
individual assessments of different 
communities involved 
Door to door deep interviews with villagers about recent 
management of SWPS system, ask about the preparation of the 
local community to support upgrading system and maintain the 
system.  
 
4. Result 
4.1. Project milestone 
The SWPS project began when Kamase, in collaboration with Curtin University, won international 
competition named Mondialogo Engineering Award in 2007. From the available funding, the joint 
collaboration team had success in installing the system, covering 30 from of 90 households at that time. 
The development of the SWPS project showed good progress as shown in Fig.1. Sustainability of SWPS 
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can be monitored by a local management organization called OPAKg. With this experience in building 
and maintaining the SWPS, the system can be upgraded to cover remaining households in Banyumeneng 
I hamlet. 
4.2. Evaluation of the system 
Renewable energy technology systems are fairly reliable, but like any other complex system, they may 
fail, and the effects of failure should be analysed and accounted. Referring to bathtub curve, renewable 
energy systems is categorized as sustainable when the system can minimize failure rate at infant-mortality 
period and useful life period, and after many years later, the failure rate of the system rise, called as wear-
out periods [4]. 
 
Fig. 1. Project milestone 
The recent evaluation on existing SWPS’s technical aspects had been done in February 2015 by 
Kamase featuring OPAKg. Table 2 shows the evaluation result and some recommendations from at least 
6 years operational of the SWPS. 
Table 2. Technical evaluation of the existing SWPS 
Components Recent conditions Recommendations 
PV module and 
wiring 
Output voltage and current of the PV modul still suit 
manufacturer’s specification. Insignificant voltage drop 
caused by the PV’s rising surface temperature happened. 
There are three unconnected PVs to the wiring.  
Connect the three unconnected PVs to the 
array wiring. Do research to find way to 
decrease the PVs surface temperature, for 
example, putting some thermoelectric 
components under the PVs. 
System’s 
Controller 
The controller could not work properly and indicator of 
submersible pump did not function. 
Replace with new controller because it had 
passed the lifetime range[4]. 
Submersible 
pump 
The pump seal leaks and a little bit scratch at helical rotor of 
the pump is observed, resulting in less flow when pumping.  
Replace with new seal and rotor. (Note: The 
helical rotor have been replaced with a second-
hand sparepart but still in good condition.) 
Piping and 
reservoirs 
HDPE pipe and reservoirs are still in good condition. No 
leakage. 
Drain the reservoirs and paint the outer wall of 
the reservoir to avoid moss/algae growth. 
Based on the recent evaluation as shown in Table 2, we can conclude that the existing system is still in 
good performance and can fulfill the technical aspects of sustainability indicator. In motivation to cover 
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the rest of people still facing water scarcity problem, also considering the proven sustainability of the 
existing SWPS, Enerbi proposed and succeed to get fund grant from Alstom Foundation to continue 
SWPS upgrading process. Brief description about the upgrading system is shown in Fig. 2. Development 
of the SWPS, both the existing and the upgrading system, was designed to be as simple as possible (there 
are no solar power tracker and batteries) in order to make operation and maintenance easier. 
4.3. Role of the communities 
One of the solutions to make SWPS sustainable is comprehensive and systematic system building in the 
local community [5]. Kamase, Enerbi, and OPAKg jointly built a cooperation to develop Banyumeneng 
project so it can fulfill the need of water in the hamlet. The funding effort was handled by Enerbi, which, 
as mentioned before, had succeed in obtaining fund grant as a part of corporate social responsibility 
program of some companies. 
 
Fig. 2. Upgrading of the SWPS 
As a community consisting of students, Kamase acts as a facilitator for the hamlet in maintaining the 
system. Besides of that, Kamase supports Enerbi in project execution, system installation, and 
monitoring/controlling activity. Monitoring and controlling is done mainly by OPAKg, which settled the 
closest distance to SPWS. As a community consisting of local people, OPAKg maintains the system by 
the help of Kamase and Enerbi. If there is a problem that cannot be solved by OPAKg, Kamase and 
Enerbi will help them to solve it. As a study process, Kamase conducts some research about the 
maintenance and keeping the system sustainable. As a participator and main consumer of this system, the 
local people are also eager to donate some money that will be collected by OPAKg as a maintenance 
reserve fund. By this system, local people can reduce the cost they need to spend for water for about 90%.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Role of the communities 
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4.4. Troubleshooting procedure 
Inadequate maintenance capacity causes inefficiency and even damage in many renewable energy 
facilities. So, it is very important to create troubleshooting procedure to assist the local community. If 
there are some troubles in the system, this troubleshooting procedure will give clear guide to handle the 
trouble. If local people found a trouble with the system, they will report it to OPAKg as the local 
manager. When the trouble is too complex and OPAKg cannot handle it, OPAKg leader will report it to 
Kamase and Kamase will start the evaluation and try to solve it. Enerbi will support fund to cover 
repairing cost of the system. With this troubleshooting procedure, some troubles can be solved efficiently 
so that the system give many benefits to the local people for at least 6 years. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Troubleshooting procedure 
5. Conclusion 
The integration of three communities (Kamase, Enerbi, and OPAKg) gives a new integrated 
communities concept to keep the SWPS in Banyumeneng sustainable for at least 6 years. The 
sustainability criteria of the system have been verified by the evaluation methodology and proven by the 
results stated above. The integrated communities concept should be a major consideration when a 
company (through their CSR program) or the goverment (through fund grants) want to develop renewable 
energy application in a community of rural area. 
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